
Rotifers Ingest Oocysts of Cryptosporidium parvum 
RONALD FAYER,;’.’ JAMES M. TROUT,a ELIZABETH WALSHh and REBECCA COLE 

,‘United Stuies Department of Agriculture, Agricultural Research Service, Reltsville, Muplund. und 
hDepurtrnent o j  Biologicul Sciences, University of Texas ut El Puso, El Paso, Texas, and 

United Stutes Geological Survery. Biological Resources Division, Madison, Wisconsin 

ABSTRACT. Six genera of rotifers including Philodinu, Monos~lu, Epiphunes, Euchlunis, Bruchionus, and Asplunchnu were exposed 
to oocysts of Cr?;17tosporidiunt parvurn cleaned of fecal debris. Unstained oocysts and those stained with fluorescein-conjugated mono- 
clonal antibody were added to suspensions of viable rotifers and were examined by phase-contrast, differential interference contrast, 
and fluorescence microscopy. Rotifers of all six genera were observed ingesting oocysts. A maximum of 25 oocysts was observed in 
the stomachs of Euchlanis and Bruc.hionus. Euchlunis and Epiphunes were observed excreting boluses containing up to eight oocysts. 
I t  was not determined whether rotifers digested or otherwise rendered oocysts nonviable. 
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HE Class Monogononta comprises the largest group of ro- T tifers with more than 2,000 species in about 95 genera of 
benthic, free-swimming, and sessile forms. Most are found in 
freshwater lakes, ponds, puddles, damp soil, moss, or any place 
where water can accumulate, such as bird baths, in brackish 
water, and to a lesser extent in salt water (Nogrady, Wallace, 
and Snell 1993). They thrive in highly eutrophic environments 
such as domestic sewage and waste water where their predators, 
copepods, cannot survive for very long. Rotifers range from 
100-1,000 pm in length. They possess an anteriorly located 
ciliated corona used in locomotion and food gathering (Meg- 
litsch 1972). The structure varies widely among species but 
cilia sweep water and suspended particles towards a centrally 
located oral cavity where an inner set of cilia reject any un- 
suitable food (Meglitch 1972: Gilbert and Starkweather 1997, 
1998). Particles swept into the oral cavity pass into the mastax, 
a muscular organ with plates that chop or push particles into 
the esophagus, the stomach, and then into an intestinal tube 
(Nogrady, Wallace, and Snell 1993). Five digestive glands have 
been reported for one rotifer species (Schramm 1978) and di- 
gestive enzymes, endoglucanases and glycosidases, have been 
identified in homogenates from another species (Chun, Hur, and 
Kim 1997; Kuhle and Kleinow 1990). 

Cryptosporidiosis, a diarrheic disease of humans, livestock, 
and wild animals, results after the oocyst stage of Cryptospo- 
ridium pawurn is excreted in the feces of an infected mammal 
and ingested by a susceptible host of the same or another spe- 
cies (Fayer, Speer, and Dubey 1997). Oocysts of C. pawum are 
widely distributed in surface waters and C. pawum has become 
the most important newly recognized contaminant in drinking 
water in the United States (Rose, Lisle, and LeChevalier 1997). 
Rivers, lakes, springs, and groundwater have all been implicat- 
ed as sources of contaminated water in five well-documented 
outbreaks of cryptosporidiosis from drinking water affecting 
from 500-400,000 persons (Rose, Lisle, and LeChevalier 
1997). Because oocysts of C. pawum are within the size range 
of particles ingested by rotifers, the present study was con- 
ducted to determine if any freshwater rotifer species might in- 
gest and possibly also digest waterborne oocysts. If so, some 
clues might emerge as to the fate of oocysts in the environment 
or might provide insight for removal of oocysts from water 
contaminated with human or animal feces. 

MATERIALS AND METHODS 
Oocysts of C. parvum were cleaned from the feces of ex- 

perimentally infected calves and used within 1 mo. Briefly, the 
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fecal material was passed through a series of sieves with in- 
creasingly finer mesh, subjected to continuous flow, differential 
density gradient centrifugation, and further purified by centri- 
fugation on a discontinuous cesium chloride (CsCl) gradient as 
described (Kilani and Sekla 1987), and then oocysts were ex- 
tensively washed to remove CsCl residue. Some purified oo- 
cysts were immediately resuspended in filtered spring water at 
a concentration of 2 X lo7 oocysts ml-I. Others were labeled 
with fluorescein-conjugated monoclonal antibody (Merifluor; 
Meridian Diagnostics, Cincinnati, OH) by resuspending 2 X lo7 
oocysts in 200 ~1 of detection reagent. After a 1-h incubation 
at room temperature, the oocysts were thoroughly washed by 
suspending them in 15 ml of 0.2 pm-filtered spring water, cen- 
trifuging at 1,500 g for 15 min, and decanting the supernatant. 
The oocysts were then resuspended in 1 ml of the same water, 
yielding a final concentration of nearly 2 X lo7 C. pawum 
oocysts/ml. 

The rotifers, Philodina sp. and Monostyla sp., were obtained 
from Carolina Biological Supply Company (Burlington, NC). 
Epiphanes brachionus, Euchlanis triquetra, Brachionus quad- 
ridentatus, and Asplunchnu sp. were provided by Elizabeth 
Walsh of the Department of Biological Sciences, University of 
Texas at El Paso. Rotifers were maintained in 100-ml polyeth- 
ylene screw-capped jars in filtered spring water and were fed 
approximately every two days with a mixture of Ankistrodes- 
mus fulcatus (UTEX90) and Chlamydomonas reinhardti 
(UTEX90). To select rotifers for testing, 30 ~1 of the culture 
were aspirated by pipette from a heavily populated area on the 
bottom of the jar, and 10 p1, containing approximately 10-20 
rotifers, were placed into each of three 1 1-mm diameter wells 
of a heavy teflon-coated three-well slide (Erie Scientific, Ports- 
mouth, NH). In less concentrated cultures, individual organ- 
isms, observed at 200X with an Olympus CK2 inverted micro- 
scope, were aspirated by pipette and placed onto slides. Ap- 
proximately 48 h had passed since the last addition of food to 
the cultures although food organisms were still visible in all 
cultures. One pl of oocyst suspension (2 X lo1 oocysts), either 
unlabeled or labeled with monoclonal antibody, was added to 
two of the wells. The third well served as an oocyst-free con- 
trol. Slides were covered with 24 X 50-mm glass coverslips 
that were ringed with vaseline to prevent evaporation and flow 
of the suspension. Rotifers of all six genera were observed with 
fluorescence, phase-contrast, and differential interference con- 
trast (DIC) microscopy, using a Zeiss Axioskop equipped with 
an FITC filter, a Texas RedlFITC dual wavelength filter, and 
DIC optics. Approximately 30 slides were prepared, examined, 
and photographed for six genera. Photomicrographs on Kodak 
Elite 100 color transparency film were made with a Zeiss au- 
toexposure MC80 camera system. Color transparencies were 
scanned with a Polaroid Sprint Scan 35 and the digitized images 
were used to create black and white positive photographs using 
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Fig. 1-3. Philodina containing approximately 25 ingested oocysts 
of Cqprosporidium purvum. Fig. I .  Philodinu is clearly visible but 
ingested oocysts are not visible when observed by differential interfer- 
ence contract microscopy. Fig. 2. The same Philodina observed by fluo- 
rescence microscopy with a row of fluorescing oocysts clearly visible 
in the intestine of the poorly visible rotifer. Fig. 3. A composite of Fig. 
1 and 2 merged by computer software. Both the rotifer and ingested 
oocysts are clearly visible. Bar = 40 pm. 

Adobe Photoshop 5.0 software. This software was also used to 
create a composite image from individual fluorescence and DIC 
photomicrographs of the same rotifer taken sequentially 
(Fig. 1-3). 

RESULTS AND DISCUSSION 
This is the first report in which rotifers have been observed 

ingesting any stage of a protozoan parasite of vertebrates. Ro- 

tifers of several genera are reported to be parasitized with Mi- 
crosporidia (Wallace and Snell 1991). In the present study, ro- 
tifers of six genera were observed in the living state and all 
were seen ingesting oocysts of C. parvum. However, quantita- 
tion within genera and between genera was variable because 
high magnification was required to identify the small oocysts 
(4.5-5.5 p m  in diam.) while rotifers were highly mobile or 
active and relatively large, requiring two-dimensional micro- 
scope stage movement and continuous focusing through the 
body while both the rotifer and internal contents were in mo- 
tion. Initial observations using unlabeled oocysts revealed that 
both Philodina and Monostyla ingested the oocysts, but oocysts 
within the bodies of these rotifers were difficult or impossible 
to visualize (Fig. 1). Therefore, subsequent observations with 
these and other genera were made using oocysts labeled with 
fluorescein-conjugated monoclonal antibody and examined with 
fluorescence microscopy. The influence of monoclonal labeling 
with regard to enhancing or diminishing oocyst ingestion is 
unknown. 

Philodina sp., E. triquetra, and B. quadridentatus consis- 
tently ingested the greatest number of oocysts. The oocysts in- 
gested by Philodina were visible in a long, slender, somewhat 
coiled tube, possibly the intestine, posterior to the jawlike mas- 
tax (Fig. 2, 3). Some Philodina contained as many as 25 oo- 
cysts, but many contained five to 15. In E. triquetra and B. 
quadridentatus (Fig. 4), oocysts were visible in the stomach. 
Within the stomach vigorous mixing of up to 25 oocysts and 
other material was observed, so the actual number of oocysts 
could not be accurately determined. Attempts to improve quan- 
titation by examining fixed specimens were not fruitful because 
many rotifers lysed andor expelled their contents on fixation. 
Oocysts were also seen within Monostyla sp., E. brachionus, 
and Asplanchna sp., but these rotifers consistently appeared to 
have ingested fewer oocysts than the other species. Many oo- 
cysts that were drawn to the corona by ciliary action appeared 
to be rejected. It is not known if oocysts were physically or 
otherwise unacceptible but many appeared to be momentarily 
ingested and then expelled. 

Both E. triquetra and E. brachionus were observed excreting 
boluses of up to eight oocysts clumped within unidentified ma- 
terial. Oocysts appeared to fluoresce brightly and to retain a 
spherical shape. The time of microscopic observation from ex- 
posure of rotifers to oocysts until boluses were excreted by E. 
triquetra and E. brachionus was approximately 15 min. It was 
not determined during that time period if oocysts within the 
rotifers underwent any digestion, degradation or inactivation, 
but digestion in rotifers reportedly takes 15-20 min. (Kuhle and 
Kleinow 1990). Oocysts ingested by rotifers of other genera 
appeared to be retained internally throughout the period of ob- 
servation. Small fluorescing granules that could represent frag- 
ments of oocyst wall or possibly dissociated fluorescein were 
observed in some rotifers. However, actual digestion with dis- 
solution or destruction of the oocyst wall and contents could 
not be confirmed. Enzymes identified in rotifers digest primarily 
carbohydrate substrates (Chun, Hur, and Kim 1997; Kuhle and 
Kleinow 1990). It is not known if rotifers possess enzymes 
capable of digesting the proteins thought to make up the wall 

Observations in the present study were conducted on rotifers 
artificially exposed to oocysts of C. pawurn. Whether rotifers 
ingest oocysts in nature is unknown. The application of the 
present laboratory findings to field conditions such as farm 
ponds, sewage lagoons, wastewater treatment facilities or other 
locations where oocysts might enter the environment in large 
numbers should be attempted. Although it is unknown whether 
oocysts are degraded in any way after ingestion by rotifers, it 

of oocysts. 
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Fig. 4. Photomicrograph of a live rotifer, Bruchionus quadridentatus, observed by differential interference contrast microscopy, with four 
ingested C~ypto.spiwidium parvum oocysts and one oocyst anterior to the ciliated corona (arrows). Oocysts were confirmed by fluorescence 
microscopy. Bar = 33 pm. 

was observed that oocysts were excreted by some rotifers in 
boluses containing a mixture of other ingested materials. Even 
if these boluses, 20-30 times larger than individual oocysts, 
contained oocysts that remained infectious, their large size 
could facilitate removal from water by filtration. 
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